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RADIO FREQUENCY DIPLEXER 



Em^D 



The technology h^n j ave^^ to a radio ^ 
^m^fon, of Connected radio fluency 
gwetwHww ' t Imnn of Cl aim 1 , a lu ™ 

BACKOROTtMn am^ ^ir^fTif ^FT 

— e to use «^ common ^ ferf ^, mm . aaiai|u 
«and ^received sigMjs . ^ ^ ^ ~ 

■Kto^ *^ freq[lencv ^ ^ ^ wMch « 
must be suitable for Wnsnutfn* ^ rec4iving bo(h ^ 

frequency filtering i******** separates the transmission signals and 
recetved signal* ensuring on one hand ^ ^ ^^.^ ^ 

passed on from the transmitter oniy to the antenna (not in the direction of the 
receiver), and on the other hand that .he received signals are passed on from the 
antenna only to the receiver. 

A pair of radio frequency filters may be used for this purpose 
both of which pass a specific frequency band, namely the respectively desired 
frequency band (band pass filters). However, it is also possible to use a pair of 
radto frequency filters which block a specific frequency band, namely the 
respectively undesired frequency band. These are referred to as bandstop 
filters. It is also possible to use a pair of radio frequency filters:, eempri^ 
first filter wfeieh-passes frequencies below a frequency that is between the 
transmission band and the reception band, and blocks the bands above this 
(low-pass filter^ and a second filterrwfeieb blocks frequencies below this 
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frequency th a . is between the ^ md 

Funher combmadon. of the stated fi„ M ^ ^ „, ^ *" PMS ^ 

US 6,392,506 B2 discioses a duplex filter in which mdio 
^ency ftiters are infcrconnected and in which the inner 
common ccaxia, transmissionVreception con»ecdn g socta is ^ 
conduce, ,oop 3 to in each case one ciosese resent chamber in the 

a ~°° mi fl "-- 1" — . a verdcady projecting inner 

conductor is provided inttrnallu i, J^mg inner 

wall which Z 77 rMOna,0r Ch0mber - wiUl *" <*=»■*« 

wad wh.cn bounds the resonator chamber radiaiv on the outside betag used as 

an outer conduce, ,n the corresponding aireadv known soiudon, the LT 
wmch , s enclosed by ehe wire .oop inciuding «he curren. feedback pad, via the 

ZLT; ° 1Vity '° *' ^ — — — connecting 

socket (.nductance) determines the strength of the signal injection in me 

motive fiher pad, m. inpu, can he tuned by mechanical deformed™ or 
bending of the wire loop. 

In the capacitive case, the inner conductor of the common 
transmission/receivmg connecting socket is split into two conductor pieces 

I WhiCh ^ in flat mgtal Pieces ' ****^Jhe strength of the signal' 
input is governed by the size and shape of these metal surfaces, and by their 
stance from the inner conductor of the respective resonator (the capacitance 
| resulting from this). The input can irtlMrttata be tuned by mechanical 
deformation or bending of these metal surfaces, and by changing the distance 
to the respective inner conductor of the resonator filter. 

Both variants have the disadvantage that the tuning process can 
be carried out only by purely reproducible mechanical manipulations (bending 
or deformation), and that the tuning of the input to one filter path also 
influences the electrical behavior of the respective other filter path, and vice 
versa, so that the two input devices must generally be varied alternately two or 
more times during the tuning process. 
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pnor pubhcanon US o,392,50o B2 which has been ntendoned. in J ^ ? 
now om y one capaciove input fronr the inl!er conductor „ f a ^ 

P ana may be referred r, as a so-called "central resonator" This 
prov.des coup.ing in the C onvendo„a> manner via opening, in the separating 
walla to B each case one resonator in the trananfission finer path and o" 
resonator in the receiving filter path. ' 

However, in this case as well, ^mm^^o^^ 
^-^ee^the central resonator which is acquired in addition to the 
resonators m the filter path requires additional space and also results in 
additional costs, even though it does not significant contribute to the 
frequency selectivity of the filter paths. 

^ nmnrt tin n l i j , „ t uf L h , p , ut i nvontio ^ The ex^p w, 

iitotj^ e non-lim jrin F i m plementations h^ rfm ^ provide for ^ 
mterconnection of radio frequency filters, in order to produce a frequency 
diplexer, in a better way than the generic prior art. 

A e onrrl mg to the inv nnt , fee u b jm Keyed by fee 

an tho depondont claims. 

In a first variant according to the iavtt ^xemolarv 
non-limiting imp lementation, the two radio frequency filter paths are 
interconnected by means of an inductive or capacitive input to one resonator in 
a pair of resonators which are strongly coupled to one another (interconnection 
resonator pair). This avoids the disadvantages explained in the prior art. This 
means that, in contrast to the prior art, there is no longer any need to carry out a 
tuning process at the two points between which there is an interaction. 

Furthermore, the resonator pair which are strongly coupled to one 
another contribute to selection of the two filter paths, to be precise in a similar 
manner to that if one of the two resonators were in each case permanently 
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associated with one of the filter paths. This avoid, * 
coupled to one softer, which is not used for ft. input: „ 

^ongiy coup e d resOMlor pair> which js ^ ^ for ^ - 

conductor of a coaxial ramo connection. 

^Advantage™, S - 6 - M ^~-™^^ atM 
chambers arc possiMe for certain numbers of resonators, and^," 

^ n °'^ f0r ^ *""» °' Connection. F or th. putposT. of the 
~~ ^e,np l wv n pn Mmiting >mnl 

possrble, for example, to provide a frequency diplexer with a tote! of six 
msonators, which are arranged in two rowa of three each, and in which all three 
connect sockets, for ft. transmitter, for the receiver and for a comtnon p^ 
or a connnon connecting socket - Hint i n t o n oj iu g u uemt £a c oalm „ n 
transmitting/receiving connecting socket, for exempt.) for connection of an 
antenna or for the input/output of a connnon aignal path, arc located on the 
same side of the housing. f^<^^^^^^ 
■iiustrativenon-ii^tingjmpi^^,^^ makes „ ^ 
symmetrical, compact overall geometries. 

Furthennore, one preferred illustrative pnTHjr j tipr 

i m pV ny - K nHo j. mhnni m. 1,, ^he invonU o u -allcws particularly strong 
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coupling by considerably shortening the distance between the 
of the relevant resonators. 



inner conductors 



The radio frequency diplexer according to the 

constructed such that at least one resonator, preferably two or more resonators 
andpreferablya^ • 

racuo frequency diplexer can likewise be constructed with one or more or all of 
the resonators using dielectric resonators, for example ceramic resonators 
Fmally, however, it is likewise possible to construct the radio frequency 
dmlexer such that at least one resonator, but preferably two or more resonators 
or even all of the resonators, uses or use striphne technology. In other words 
I me * ods ^*^ imaginable, may be used, in which it is 

possjble to appropriately implement the explained principles. 

BRIgF DESCRIPTION <"VF THE PR &WINGS 
These and other featu res nnri ad v an tages will h. h* tter and mftrA 
completely understood by referring to the follnwi« r dejajlgj degc rir-tinn nf 
exemplary non-limiting illustrative imnl^t.H^. in c onmncAin » ^ tUa 
drawing nf whirh- 

The invent i on will be explained i» ^ feHewi»g trxt fm vm - lum 
exemplary embodimcnto and with sefegea e e te fee ntt n rhrri tfeawiagB, in wteeh, 
H »- deta 4tf 

Figure 1+- shows a schematic horizontal cross section illustration 
through one preferred e mbodim o i fr -illustrative non-li m iting ImnWnt^n of 
a diplexer according to the tnvontion -with radio frequency filters 
interconnecte d according to the present invention ; 

Figure 2t- shows a cross section illustration along the lines II-II in 

Figure 1 ; 

Figure 3*- shows a cross section illustration along the line III-IH 

in Figure 1 ; 
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Figure 4+~ shows an exemplary illustrative non-limiting 
implementationombodimont . modified from that shown in Figure l r of a further 
embodim e nt according to the invention ; and 

Figure 5 shows an illustration of the resonance response of two 
supercritically coupled resonators. 

DETAILED DESCRIPTION 

Figure 1 shows a schematic horizontal cross section through one 
preferred -__non-limiting implementation ombodimont according to the 
i fivefttion exemplarv illustrative non-limiting ^ sEgrdiplexer with interconnected 
radio frequency bandpass filters. 

For this purpose* the exemplary illustrative non-limiting 
implementation e mbodiment shown in Figure 1 has six individual circuit radio 
frequency filters 1 , with a coaxial configuration, that is to say six resonators* 
The configuration of the resonators 1 under discussion is in principle known 
from EP 1 169 747 Bl, to whose complete scope and full content the present 
application refers. It is also possible to see from this that a single circuit RF 
filter or single resonator 1 with coaxial configuration in principle comprises an 
electrically conductive outer conductor 3, an inner conductor 4 which is 
arranged concentrically or coaxially with respect to it, and a base 5, via which 
the electrically conductive outer conductor 3 and the electrically inner 
conductor 4 are electrically connected to one another. 

The single resonator can be closed at the top via a cover 7 that 
can be fitted (see also Figure 2), that is to say via an electrically conductive 
cover 7, with the inner conductor ending at a distance underneath the cover 7. 
A specific setting to one resonator frequency can be provided by specific 
adjustment mechanisms, for example by axial adjustment of the inner 
conductor or by axial adjustment of a tuning element which is provided in the 
cover, as shown in Figure 2. 
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In the illustrated exemplary illustrative non-limiting 
implementation embodiment shown in Figures 1 and 2, one of the six coaxial 
radio frequency resonators that are shown in Figure 1 is shown with a rather 
square base surface or base 5, whose cavity is bounded by metallic walls. The 
corners are rather rounded, which has manufacturing advantages (particularly if 
the resonator cavity is milled from a solid metal block). The metallic inner 
conductor, which is generally in the form of a circular cylinder and whose 
length is somewhat less than one quarter of the wavelength of the resonant 
frequency, normally ends at a distance of generally a few millimetres under the 
cover, A tuning element 9 is provided in the exemplary illustrative non-limiting 
implementation embodim e nt s hown in Figure 2, and is in the form of a 
cylindrical metal pin which is screwed in and out to different extents from the 
cover and in the process can engage to a different extent in a recess 4' which is 
incorporated at the upper end of the inner conductor 4, This makes it possible 
to vary the resonant frequency. 

Two or more of these single resonators 1 are then accommodated 
in a common housing 11, with the side walls of the cavities 14 which normally 
separate the single resonators from one another being provided in some cases 
with apertures 15, which produce the electromagnetic signal path. 

Furthermore, three connecting sockets are provided in the 
illustrated exemplary illustrative non-limiting implementation embodlment . at 
the same distance from one another on one side 19 of the housing 11, that is to 
say in the illustrated exemplary illustrative non-limiting implementation 
embodiment 3 coaxial connecting sockets 21, 22 and 23. The respectively 
associated inner conductors 31, 32 and 33 for the three connecting sockets 21 
to 23 are each lengthened by a few millimetres into the respective resonator 
chambers 41, 42 and 43 which are adjacent to the housing sidewall 19, and 
each end in a conductive flat element, in the illustrated exemplar y non-limiting 
implementation ombodimont in the form of an electrically conductive disk 31% 
32', or 33' respectively. 
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Figure 1 also shows that, for example, a transmitter T is 
connected to the connecting socket 21, a common signal path A which is used 
for the input and output is connected to the central connection 22, and a 
receiver R is connected to the third connection 23. In other words, transmission 
signals are fed in from the transmitter via the signal path as shown by the 
illustrated arrows 25 via the duplex filter formed in this way and having the 
radio frequency bandpass filters into the common signal path A, for example to 
an antenna, whereas, in contrast, signals which are received via the common 
signal path A are fed into the receiver R from the central connecting socket, as 
shown by the arrows 26. 

The capacitance which is formed between the central disk 
element or other flat metal piece 32' and the adjacent resonator inner conductor 
42a of the input resonator R42 provides the input for the electrical field from 
the common signal path A or from the common connecting socket 22 to the 
resonator chamber 42, and vice versa. 

In the illustrated exemplary illustrative non-limiting 
implementation embodt - m e nt strong coupling is provided via the connecting 
opening 45 between this first resonator chamber 42, which produces a 
connection to the antenna A, and an adjacent, second resonator chamber 42 \ 
which is connected to it. 

In addition, the coupling which is required for this type of 

interconnection between the two resonator chambers 42 and 42' can be 

adjusted as follows. It is obvious from the exemplary non-limiting 

implementation embodiment s which have been explained that, with respect to 

the signal path, the distance between two adjacent inner conductors 42'a and 

43'a as well as 43'a and 43a as well as the distance between the inner 

conductors 42 'a and 41'a as well as 41* a and 41a is in each case approximately 

the same, As is shown in Figure 1 and Figure 2, it is possible, in order to adjust 

the coupling, to design the distance between the two inner conductors, which 

do not belong either to the sole transmission path nor to the sole reception path, 
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that is to say the distance between the inner conductors 42a, 42'a of the 
resonators which are strongly coupled to one another, to be shorter than the 
distance between the remaining inner conductors with respect to their signal 
path. 

The strong coupling which has been explained, and which is also 
referred to as being supercritical, means that the two resonators R42 and R42* 
which, considered in their own right, each have a resonance point in the 
frequency range between the transmission band and the reception band and are 
tuned to this, oscillate at two so-called coupling resonant frequencies which are 
not the same as this and are not the same as one another, in the coupled state. 

The separation (that is to say frequency difference) between these 
two coupling resonant frequencies is normally referred to as the coupling 
bandwidth. 

In the case of resonators which are coupled to one another and 
are part of the same filter with the same filter path (transmission path or 
reception path) in a duplex filter, this coupling bandwidth is generally 
somewhat narrower than the bandwidth of the filter or filter path. In other 
words, this coupling bandwidth is typically in the range between 50% and 
100% of the bandwidth of the filter or of the filter path. 

In the case of the strongly coupled interconnection resonator pair, 
this coupling bandwidth is in contrast wider than the respective bandwidth of 
the filter paths which are interconnected to form a duplex filter. 

The graph illustrated in Figure 5 will be used, by way of 
example, to show the transmission response of a circuit (that is to say of a 
filter) comprising two super critically coupled resonators. In this case, the 
frequency is plotted on the x-axis, and the scatter parameter S21 is plotted on 
the y-axis. 

In this case, strong coupling is equivalent to a wide coupling 

bandwidth. 
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The frequencies of the resonators are tuned by using the tuning 
elements 9 which can be screwed in and out in the respective filter, as has 
already been explained with reference to Figure 2, or as is described for an 
exemplary illustrative non-limiting imp lementatio nemhndimflnt that differs 
from this in the prior publication EP 1 169 747. Further modifications of signal 
resonators which can be tuned are also possible. 

The filter circuits of the transmission path, comprising the 
resonator chambers R4T and R41 are coupled through the further opening 48 
between the second resonator chamber R42' of the interconnection resonator 
pair R42, R42' and their adjacent resonator chamber R41' to the second 
resonator R42\ which is not used as the input for the antenna A, in the 
interconnection resonator pair R42, R42\ The two resonator chambers R41' 
and R41 in the transmission path are likewise coupled to one another through 
an opening 48' in the single resonator wall. The transmission signals are input 
via the electrically conductive flat element 31' that is provided here. 

A reception path is formed in a corresponding manner. In this 
case as well, a coupling connection is produced via an opening 49 from the 
second resonator R42' in the interconnection resonator pair to the resonator 
R43 y and via a further opening 49* to the resonator R43, into whose resonator 
space the electrically conductive flat element 33' projects. The received signal 
which is received by the antenna A can be fed via this into the receiver R, that 
is to say it can be passed to the receiver R. 

The resonators R41 and R41' are in this case tuned to frequencies 
in the transmission band, and the resonators R43, R43* are tuned to frequencies 
in the reception band. 

The interconnection is balanced via a correspondingly balanced 

version of the coupling between the resonator chambers R42' and R41' on the 

one hand and the coupling between the resonator chambers R42' and R43' on 

the other hand. Significant influencing variables are in this case the size, the 

position and the shape of the coupling openings in the resonator separating 
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walls, and the distances between the axes of the respective inner conductors 
42' a and 4V a, as well as 42' a and 43 'a. All of these dimensions can be 
produced by milling, in a manner which can be reproduced mechanically to a 
satisfactory degree. 

The following text refers to a modified exemplary non-limiting 
implementation embodimont as shown in Figure 4. 

This exemplary illustrative non-limiting implementation 
e mbodiment h as a largely similar configuration, The difference from the 
exemplary embodiment i mplementation shown in Figure 1 is that the central 
antenna connection, that is to say the central antenna socket 22, is provided on 
the opposite side 19' of the housing, in contrast to the two other coaxial 
connecting sockets 21, and 23. Thus, in contraot to th a this exemplary 
illustrative non-limiting implementation, e mbodim e nt ahown - in Figure 1 , 
provision is made in the exemplary e mbodiment shown in Figure 4 for the filter 
circuits R41 and R41' in the transmission path to be coupled to the first 
resonator R42, which is used as the input to the connected common signal path 
A, of the interconnection resonator pair R42, R42\ In a corresponding manner, 
the receiver path with the resonator chambers R43 and R43' is likewise 
coupled to the first resonator chamber R42, which is used as the input. 

Since, in the exemplary embodiment ill us trati ve non-limiting 
implementation shown in Figure 4, the connection 22 is provided opposite the 
two other connections 21 and 23, that is to say the first resonator chamber 42 
which directly is connected to the antenna connection 22, and hence the 
associated resonator R42, are arranged on the opposite side 19* of the housing. 

While the technology herein has been described in connection 
with exemplary illustrative non-limiting implementation, the invention is not to 
be limited bv the disclosure. The invention is intended to be defined by the 
claims and to cover all corresponding and equivalent arrangements whether or 
npt specifically disclosed herein, 
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